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(57)Abstract: 

PROBLEM TO BE SOLVED: To perform highly accurate 
EGR control by calculating a cylinder intake new air 
amount, an intake new air temperature, a cylinder intake 
EGR amount and the EGR gas temperature of an EGR 
gas cooling device exit side, predicting and computing a 
cylinder sucked gas temperature based on these and 
then correcting and controlling an EGR. 
SOLUTION: A cylinder intake new air amount Qac is 
computed by performing delay treatment for an intake 
new air amount detected by an air flow meter 1 4 during 
the running of an engine 1. Also, an EGR amount is 
computed from the opening degree detected value of an 
EGR valve 6 and a differential pressure between an 
intake system pressure and an exhaust system pressure, 
and by performing delay treatment for the computed 
EGR amount, a cylinder intake EGR amount Gee is 
calculated. Further, the EGR gas temperature Te of an 
EGR gas cooler exit side is computed based on the 
efficiency of an EGR gas cooler 9 and an exhaust 

temperature. Then, a cylinder sucked gas temperature is predicted and computed based on an 
intake new air temperature amount obtained by an intake temperature sensor 1 5 and various 
computed values Qac, Geo and TE, and an EGR valve 5 is corrected and controlled based on 
these values. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Whenever [ inhalation new-air-volume detection means / to detect the inhalation new 
air volume to an engine /, and inhalation new atmospheric temperature / which detects 
whenever / inhalation new atmospheric temperature ] A detection means, An inhalation-of-air 
system pressure detection means to detect an inhalatlon-of~air system pressure, and an 
exhaust air system pressure detection means to detect an exhaust air system pressure, An 
exhaust-gas-temperature detection means to detect an exhaust-gas temperature, and the EGR 
path which flows back from an exhaust air system to an inhalation~of-air system in a part of 
exhaust gas. An amount setting-out means of target EGR(s) to set up the amount of target EGR 
(s) based on the EGR valve prepared in the middle of and engine operation conditions, [ an EGR 
path ] In a diesel power plant equipped with an EGR valve control means to set up the target 
opening of an EGR valve from the differential pressure of an inhalation-of~air system pressure 
and an exhaust air system pressure, and the amount of target EGR(s), and to control an EGR 
valve, and the EGR gas cooling system which cools EGR gas A cylinder inhalation new-air- 
volume operation means to perform delay processing to the inhalation new air volume detected 
by said inhalation new-air-volume detection means, and to calculate cylinder inhalation new air 
volume, An amount operation means of EGR(s) to calculate the amount of EGR(s) whenever 
[ EGR valve-opening / which detects the opening of an EGR valve ] from the differential 
pressure of a detection means, and an inhalation-of-air system pressure and an exhaust air 
system pressure, and the opening of an EGR valve, An amount operation means of cylinder 
inhalation EGR(s) to perform delay processing to the amount of EGR(s), and to calculate the 
amount of cylinder inhalation EGR(s), An EGR gas cooling-system effectiveness setting-out 
means to set up the effectiveness of an EGR gas cooling system, An EGR gas temperature 
operation means to calculate the EGR gas temperature of an EGR gas cooling-system outlet 
side based on an exhaust-gas temperature and the effectiveness of an EGR gas cooling system, 
A cylinder inhalation gas-temperature operation means to calculate cylinder inhalation gas 
temperature based on cylinder inhalation new air volume, whenever [ inhalation new atmospheric 
temperature ], the amount of cylinder inhalation EGR(s), and the EGR gas temperature of an 
EGR gas cooling-system outlet side, a **** beam — the cylinder inhalation gas-temperature 
calculation equipment of the diesel power plant characterized by things. 
[Claim 2] Said EGR gas cooling system is cylinder inhalation gas-temperature calculation 
equipment of the diesel power plant according to claim 1 characterized by to cool EGR gas with 
engine cooling water, to have established an EGR gas cooling water temperature detection 
means to have detected the circulating water temperature which passes this EGR gas cooling 
system, and to consider as the configuration which calculates the EGR gas temperature of an 
EGR gas cooling-system outlet side based on the circulating water temperature and the 
effectiveness of an EGR gas cooling system which an exhaust-gas temperature and an EGR gas 
cooling system are passed for said EGR gas temperature operation means. 
[Claim 3] Cylinder inhalation gas-temperature calculation equipment of the diesel power plant 
according to claim 1 or 2 characterized by to have replaced with said inhalation-of-air system 
pressure detection means, to have established an inhalation-of-air system pressure prediction 
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means to have predicted an inhalation-of^air systenn pressure based on engine operation 
conditions, to have replaced with said exhaust air system pressure detection means, and to 
establish an exhaust air system pressure prediction means predict an exhaust air system 
pressure based on engine operation conditions. 

[Claim 4] Cylinder inhalation gas^emperature calculation equipment of the diesel power plant of 
any one publication of claim 1 characterized by having replaced with said exhaust-gas- 
temperature detection means, and establishing an exhaust-gas-temperature prediction means to 
predict an exhaust-gas temperature based on engine operation conditions - claim 3. 
[Claim 5] Cylinder inhalation gas-temperature calculation equipment of the diesel power plant of 
any one publication of claim 1 characterized by establishing an amendment means whenever 
[ inhalation new atmospheric temperature / which amends whenever / inhalation new 
atmospheric temperature / which is detected by the detection means whenever / said inhalation 
new atmospheric temperature / with an inhalation-of-air system pressure ] - claim 4. 
[Claim 6] The EGR control unit of the diesel power plant characterized by establishing an 
amount amendment means of target EGR(s) to be equipped with the cylinder inhalation gas- 
temperature calculation equipment of any one publication of claim 1 - claim 5. and to amend the 
amount of target EGR(s) according to cylinder inhalation gas temperature. 

[Claim 7] The EGR control unit of the diesel power plant according to claim 6 characterized by 
forming the water temperature control ready equipment which adjusts the circulating water 
temperature of the EGR gas cooling system which cools EGR gas with engine cooling water 
according to cylinder inhalation gas temperature. 

[Claim 8] the amount of water which adjusts the circulating water flow of the EGR gas cooling 
system which cools EGR gas with engine cooling water according to cylinder inhalation gas 
temperature — the EGR control unit of the diesel power plant according to claim 6 
characterized by forming an adjusting device. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cylinder inspired gas temperature calculation 
equipment in a diesel power plant equipped with EGR equipment with EGR (exhaust air reflux) 
gas cooling equipment, and the EGR control unit using this. 
[0002] 

[Description of the Prior Art] The emission requirement of a diesel power plant is being 
tightened up from a rise of the interest about environmental manipulation in recent years. If EGR 
is applied in large quantities in order to reduce especially NOx of a diesel power plant, since an 
ignition-delay period until the fuel injected by the combustion chamber is lit will become long, 
and the combustion rate of an anaphase will increase as an expansion line besides the fall of 
combustion temperature and a combustion ambient atmosphere will serve as hypoxia, it is in the 
inclination for an exhaust air particle (for PM;Particulate Matter to be called below) and other 
exhaust air components (HC. CO) to get worse generally. 

[0003] Then, in order to improve the relation of this trade-off, a new combustion concept is 
proposed to the conventional diffusive-burning subject's direct injection diesel power plant in 
recent years. For example, reducing NOx and PM to coincidence is shown by by lengthening the 
ignition-'delay period of the injected fuel positively, and lowering combustion temperature to 
JP,8-86251.A, 

[0004] Moreover, if the temperature of EGR gas is lowered, since the charging efficiency in a 
charging stroke will improve (being able to operate on conditions with much oxygen) and the 
temperature at the time of compression stroke termination of a combustion chamber will also 
fall, it is clear experimentally that NOx and PM can be reduced to coincidence, and the need of 
having the EGR gas cooling system which cools EGR gas using an engine cooling water as shown 
in JP.8-261072,A is increasing. 
[0005] 

[Problem(s) to be Solved by the Invention] Now. in this way. as an exhaust air purification means 
of a diesel power plant, although the EGR gas cooling system is effective, when applying to an 
actual car, there are the following troubles. Drawing 44 is the result of measuring the various 
parameters when running by the car which carried the diesel power plant equipped with the EGR 
gas cooling system. 

[0006] In the case of an actual car, with an engine speed or a load, a circulating water flow 
fluctuates and the amount of EGR(s) is also fluctuated. For this reason, the EGR gas 
refrigeration capacity in an EGR gas cooling system will change with engine operational status a 
lot. Therefore, the gas temperature inhaled by the cylinder to manage will change with 
operational status a lot. Therefore, the exhaust air reduction effectiveness of the EGR gas 
cooling system obtained in a stationary experiment is not acquired only by merely equipping a 
car with an EGR gas cooling system given in above mentioned JP,8-261 072,A. 
[0007] Moreover, to change of the cooling water flow by the rotation load, or an exhaust-gas 
temperature, change of the EGR gas temperature of an EGR gas cooling-system outlet side is 
the effect of the thermal inertia of a cooling system, and shows a late response. For this reason, 
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when changing a circulating water temperature on the conditions which fixed opening of an EGR 
valve, for example, an EGR rate changes by late response to change of a circulating water 
temperature. A sensor is added there so that EGR gas temperature may be measured to the 
outlet of an EGR gas cooling system like JP,6-1 08925,A. and there are some which amend the 
amount of EGR(s) according to EGR gas temperature. 

[0008] However, if coexistence with the endurance as a sensor for automobiles and 
responsibility is considered even if it uses the considerable sensor of a high response when 
measuring gaseous temperature, a response time constant is the order for about ten seconds, 
and it is difficult to measure the EGR gas temperature of a car with a sufficient precision. 
Moreover, if the life cycle of an automobile is considered in order to carry out degradation with 
the passage of time also with a response and precision by adhesion of soot in a sensor. I will 
think that it is difficult to apply to a car. 

[0009] On the other hand, operational status, engine inspired air volume, and engine inlet-pipe 
internal pressure are measured, for example like JP,5-26371 7,A, and there are some which 
presume an intake-air temperature. Although there is a merit that there is no response delay for 
presumption by the operation, with this configuration as compared with the case where gas 
temperature is actually measured, an actual intake-air temperature has the delay by the delay of 
a sensor actuator and working medium, and the phase contrast on control poses a problem. 
[0010] Moreover, when it has a heat exchanger like an EGR gas cooling system, it is difficult to 
measure inlet-pipe internal pressure correctly with a pressure sensor by the diesel to which 
does not have a heat exchange model and inlet-pipe internal pressure does not fall from an 
atmospheric pressure in the intake-air-temperature predictive model shown in the example. For 
this reason, the detection precision of the actual amount of EGR(s) is inadequate, and since an 
intake-air temperature cannot be predicted correctly, either, it is difficult [ it ] to calculate the 
gas temperature inhaled by the cylinder with a sufficient precision. 

[001 1] This invention was made paying attention to such a conventional trouble, and in the diesel 
power plant which applied the EGR gas cooling system, even if it is transient operation from 
which a service condition changes every moment, it aims at offering the cylinder inspired gas 
temperature calculation equipment which can compute cylinder inspired gas temperature with a 
sufficient precision so that the exhaust air reduction effectiveness by EGR gas cooling can be 
enjoyed. 

[0012] Moreover, it aims at offering the EGR control unit of the diesel power plant which can 
acquire the desired exhaust air reduction effectiveness using this cylinder inspired gas 
temperature calculation equipment by carrying out amendment control of the EGR according to 
cylinder inspired gas temperature. 
[0013] 

[Means for Solving the Problem] For this reason, it constitutes from invention concerning claim 1 
as follows (refer to drawing 1 ). It has a detection means, an inhalation-of-air system pressure 
detection means to detect an inhalation-of-air system pressure, an exhaust air system pressure 
detection means to detect an exhaust air system pressure, and an exhaust-gas-temperature 
detection means to detect an exhaust-gas temperature, whenever [ inhalation new-air-volume 
detection means / to detect the inhalation new air volume to an engine /, and inhalation new 
atmospheric temperature / which detects whenever / inhalation new atmospheric temperature ]. 

[0014] Moreover, it has an EGR valve-control means sets up the target opening of an EGR valve 
from the differential pressure of the EGR path which flows back from an exhaust air system to 
an inhalation-of-air system in a part of exhaust gas, the EGR valve prepared in the middle of the 
EGR path, an amount setting means of target EGR(s) set up the amount of target EGR(s) based 
on engine-operation conditions, and an inhalation-of-air system pressure and an exhaust-air 
system pressure, and the amount of target EGR(s), and control an EGR valve, and has further 
the EGR gas cooling system which cools EGR gas. 

[0015] A cylinder inhalation new-air-volume operation means to perform delay processing to the 
inhalation new air volume detected by said inhalation new-air-volume detection means in here, 
and to calculate cylinder inhalation new air volume. An amount operation means of EGR(s) to 
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calculate the amount of EGR(s) whenever [ EGR valve-opening / which detects the opening of 
an EGR valve ] from the differential pressure of a detection means, and an inhalation-of-air 
system pressure and an exhaust air system pressure, and the opening of an EGR valve. An 
amount operation means of cylinder inhalation EGR(s) to perform delay processing to the amount 
of EGR(sX and to calculate the amount of cylinder inhalation EGR(s). An EGR gas cooling- 
system effectiveness setting means to set up the effectiveness of an EGR gas cooling system. 
An EGR gas temperature operation means to calculate the EGR gas temperature of an EGR gas 
cooling-system outlet side based on an exhaust-gas temperature and the effectiveness of an 
EGR gas cooling system, A cylinder inspired gas temperature operation means to calculate 
cylinder inspired gas temperature based on cylinder inhalation new air volume, whenever 
[ inhalation new atmospheric temperature ], the amount of cylinder inhalation EGR(s), and the 
EGR gas temperature of an EGR gas cooling-system outlet side is established, and cylinder 
inspired gas temperature calculation equipment is constituted. 

[0016] In invention concerning claim 2, it is characterized by for said EGR gas cooling system to 
cool EGR gas by the engine cooling water, to have established an EGR gas cooling water- 
temperature detection means detected the circulating water temperature which passes this EGR 
gas cooling system, and to consider it as the configuration which calculates the EGR gas 
temperature of an EGR gas cooling-system outlet side based on the circulating water 
temperature and the effectiveness of an EGR gas cooling system in.which an exhaust-gas 
temperature and an EGR gas cooling system are passed for said EGR gas temperature operation 
means (R> drawing 1 1 reference). 

[0017] In invention concerning claim 3, it is characterized by having replaced with said 
inhalation-of-air system pressure detection means, having established an inhalation-of-air 
system pressure prediction means to predict an inhalation-of-air system pressure based on 
engine operation conditions, having replaced with said exhaust air system pressure detection 
means, and establishing an exhaust air system pressure prediction means to predict an exhaust 
air system pressure based on engine operation conditions. In invention concerning claim 4, it is 
characterized by having replaced with said exhaust-gas-temperature detection means, and 
establishing an exhaust-gas-temperature prediction means to predict an exhaust-gas 
temperature based on engine operation conditions. 

[0018] In invention concerning claim 5, it is characterized by establishing an amendment means 
whenever [ inhalation new atmospheric temperature / which amends whenever / inhalation new 
atmospheric temperature / which is detected by the detection means whenever / said inhalation 
new atmospheric temperature / with an inhalation-of-air system pressure ] (refer to drawin g 1 ). 
According to cylinder inspired gas temperature, an amount amendment means of target EGR(s) 
to amend the amount of target EGR(s) is established using above cylinder inspired gas 
temperature calculation equipment, and the EGR control unit of a diesel power plant consists of 
invention concerning claim 6 (refer to d rawin g 1 ). 

[0019] In invention concerning claim 7, it is characterized by forming the water temperature 
adjusting device which adjusts the circulating water temperature of the EGR gas cooling system 
which cools EGR gas by the engine cooling water according to cylinder inspired gas temperature, 
the amount of water which adjusts the circulating water flow of the EGR gas cooling system 
which cools EGR gas by the engine cooling water in invention concerning claim 8 according to 
cylinder inspired gas temperature — it is characterized by forming an adjusting device. 
[0020] 

[Effect of the Invention] According to invention concerning claim 1, cylinder inhalation new air 
volume, whenever [ inhalation new atmospheric temperature ], the amount of cylinder inhalation 
EGR(s), and the EGR gas temperature of an EGR gas cooling-system outlet side are searched 
for appropriately, respectively, the prediction operation of the cylinder inspired gas temperature 
can be correctly carried out based on these, and the effectiveness of becoming possible to carry 
out amendment control of the EGR appropriately according to this cylinder inspired gas 
temperature is acquired. 

[0021] According to invention concerning claim 2, when an EGR gas cooling system cools EGR 
gas by the engine cooling water, the prediction operation of the cylinder inspired gas 
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temperature can be carried out more at accuracy by detecting the circulating water temperature 
which passes this EGR gas cooling system, and calculating the EGR gas temperature of an EGR 
gas cooling-system outlet side in consideration of this. According to invention concerning claim 
3, it becomes possible by predicting an inhalation-of-air system pressure and an exhaust air 
system pressure based on engine operation conditions to catch these exactly. 
[0022] According to invention concerning claim 4, it becomes possible by predicting an exhaust- 
gas temperature based on engine operation conditions to catch this exactly. According to 
invention concerning claim 5. fluctuation of whenever [ by fluctuation of an inhalation-of-air 
system pressure / inhalation new atmospheric temperature ] can be exactly caught by amending 
the detection value of whenever [ by the sensor / inhalation new atmospheric temperature ] with 
an inhalation-of-air system pressure. 

[0023] According to invention concerning claim 6. according to cylinder inspired gas temperature, 
the exhaust air reduction effectiveness of a request — aggravation of exhaust air by the delay 
of EGR gas cooling for example, can be suppressed to the minimum — can be acquired by 
amending the amount of target EGR(s) using above cylinder inspired gas temperature calculation 
equipment. According to cylinder inspired gas temperature, by adjusting the circulating water 
temperature of an EGR gas cooling system, the capacity of an EGR gas cooling system is 
controlled and, according to invention concerning claim 7, the exhaust air reduction 
effectiveness by EGR gas cooling can be enjoyed also in the time of transient operation to the 
maximum extent. 

[0024] According to cylinder inspired gas temperature, by adjusting the circulating water flow of 
an EGR gas cooling system, the capacity of an EGR gas cooling system is controlled and, 
according to invention concerning claim 8, the exhaust air reduction effectiveness by EGR gas 
cooling can be enjoyed also in the time of transient operation to the maximum extent. 
[0025] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained below. 
Drawing 2 is the system chart showing the 1st operation gestalt of this invention. In a diesel 
power plant 1 , direct injection supply of the fuel is carried out into a combustion chamber 4 
through a fuel injection nozzle 3 by the electronics control fuel injection pump 2. 
[0026] A part of exhaust gas is introduced into an inhalation-of-air system by EGR equipment 
from an exhaust air system. EGR equipment is constituted including the EGR path 5, the EGR 
valve 6 which controls the amount of EGR(s), and the inhalation-of-air throttle valve 8 of the 
collector 7 (EGR gas installation location) upstream. The EGR gas cooling system 9 which cools 
EGR gas by the engine cooling water is formed in the EGR path 5. 

[0027] Moreover, the swirl control valve 10 is formed in collector 7 lower stream of a river, and. 
thereby, a swirl can be generated in a combustion chamber 4. Moreover, in this example, an 
inhalation-of-air system is equipped with a turbosupercharger 11 and an intercooler 12, and is 
equipped with the catalyst 13 for exhaust air purification at the exhaust air system. The intake 
temperature sensor as a detection means, the coolant temperature sensor with which 16 
detects whenever [ engine-coolant water temperature ], and 17 are the EGR gas cooling coolant 
temperature sensors as an EGR gas cooling water temperature detection means to detect the 
circulating water temperature which passes the EGR gas cooling system 9. whenever [ air flow 
meter / as an inhalation new-air-volume detection means by which 14 detects inhalation new air 
volume /, and inhalation / whose 1 5 detects whenever / inhalation new atmospheric 
temperature / new atmospheric temperature ]. 

[0028] The example of the fuel injection equipment containing the electronics control fuel 
injection pump 2 and a fuel injection nozzle 3 is shown in drawing 3 . The feed pump 22 which 
the electronics control fuel injection pump 2 rotates by the drive shaft 21, and presses a fuel 
beforehand, The pump house 23 which carries out the lubrication of the interior of a pump while 
storing the fuel pressurized with the feed pump 22, The plunger 25 which can give a 
reciprocating motion by the face cam 24, rotating and rotating by the drive shaft 21, inhales the 
fuel of a pump house 23, and is arranged a pressurized part, The delivery valve 26 which sends 
out the fuel which was prepared for every gas column and distributed by the plunger 25 to the 
fuel injection nozzle 3 of each gas column, The control sleeve 27 which determines a fuel 
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injection end by leaking the fuel pressurized by the plunger 25 to a pump house 23, The location 
of a control sleeve 27 is **(ed) free and it has the rotary solenoid 28 which adjusts fuel oil 
consumption, and the fuel cut bulb 29 which is made to stop the fuel induction of a plunger 25 
and is made to suspend an engine. 

[0029] Moreover, as a fuelHnjection-timing adjustment device, as shown in drawing 4 besides 
d rawin g 3 , the electronics control fuel injection pump 2 By being combined with said face cam 
24 and moving the location The phase of the face cam 24 is changed. The timer piston 30 which 
can adjust fuel injection timing, By leaking the high-pressure fuel in the hyperbaric chamber 
which drives the timer piston 30 to a low-pressure-chamber side, the pressure of a timer 
hyperbaric-chamber pressure is regulated, and it has the timing control valve 31 which adjusts 
fuel injection timing. 

[0030] Furthermore, the engine-speed sensors 32 and 33 which detect an engine speed or a 
pump engine speed, the accelerator opening sensor 34 which detects accelerator opening 
(control-lever opening) and the nozzle lift sensor 35 which detects the valve-opening stage 
(actual fuel injection timing) of a fuel injection nozzle 3, the fuel temperature sensor 37 which 
detects the fuel temperature in a pump house 23, the engine key switch 38, etc. are formed as 
various sensors, and these signals are inputted into the control unit 39. 

[0031] Moreover, the signal of the air flow meter 14 shown in drawing 1 , an intake temperature 
sensor 15, a coolant temperature sensor 16, and the EGR gas cooling coolant temperature 
sensor 17 is also inputted into the control unit 39. In addition, a fuel injection pump may be the 
common rail jet pump and unit injector under development not only in the jerk-pump of 
illustration but in each current company. 

[0032] With a built-in microcomputer, a control unit 39 performs predetermined data processing, 
and carries out drive control of the rotary solenoid 28 for fuel-oil-consumption control, the fuel 
cut bulb 29, and the timing control valve 31 for fueHnjection-timing control, and the EGR valve 
6, the swirl control valve 10. etc. in drawing 1 carry out drive control. The example of EGR 
equipment is shown in drawing 5 . 

[0033] The EGR valve 6 is formed all over the EGR path 5. is driven with a step motor, and 
adjusts the amount of EGR(s). In addition, a negative pressure drive type EGR valve besides 
such a step motor drive type EGR valve 6 etc. may be used. Based on the negative pressure 
made with a vacuum pump, with the control negative pressure whose pressure is regulated by 
the on-off control of two solenoid valves 41 and 42, the inhalation-of-air throttle valve 8 
operates gradually, and adjusts the pressure in a collector 7. 

[0034] Next, the contents of control are explained using a flow chart. Drawing 6 is the flow chart 
of an inhalation-of-air system pressure (collector section pressure; henceforth intake pressure) 
Pm operation. This flow is equivalent to an inhalation-of-air system pressure prediction means, 
and is performed synchronizing with a criteria crank angle signal. It is also possible to replace 
with a prediction operation and to use an intake-pressure sensor as an inhalation-of-air system 
pressure detection means. 

[0035] In SI, Ta, the EGR gas temperature Te. and the volumetric-efficiency equivalent value 
Kin are read whenever [ cylinder inhalation new-air-volume Qac amount Qec of cylinder 
inhalation EGR(s). and inhalation new atmospheric temperature ]. About the operation approach 
of each parameter, it mentions later. In S2, using the above parameter, an intake pressure Pm is 
calculated and processing is ended by the degree type. 

[0036] Pm=(QacxTa+QecxTe) (xRxKpm)/(KinxKvol)+Opm — here — R — a gas constant and 
Kvol A volume ratio (=1 cylinder-capacity Vc / inhalation-of-air system volume Vm). and Kpm 
and 0pm are constants. Drawing 7 is the exhaust air system pressure (EGR gas output port 
pressure; henceforth an exhaust pressure) Pexh. It is the flow chart of an operation. This flow is 
equivalent to an exhaust air system pressure prediction means, and is performed synchronizing 
with a criteria crank angle signal. It is also possible to replace with a prediction operation and to 
use an exhaust-pressure sensor as an exhaust air system pressure detection means. 
[0037] In SI, the displacement Qexh, the exhaust-gas temperature Texh, and engine speed Ne 
which are discharged from a cylinder are read. About the operation approach of each parameter, 
it mentions later. The above parameter is used in 82 and it is an exhaust pressure Pexh by the 
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degree type. It calculates and processing is ended. 

Rexh =(Qexh xNe/Kcon)2 xTexh xKpexh+Opexh — here, Keen, Kpexh. and Opexh are constants. 

[0038] Drawing 8 is the flow chart of a cylinder inhalation new-air-volume Qac operation. This 
flow Is equivalent to a cylinder inhalation new-air-volume operation means, and is performed 
synchronizing with a criteria crank angle signal. Value QasO which calculated the output voltage 
of an air flow meter (AFM) in SI, calculated inhalation new air volume by table conversion from 
the electrical potential difference in read in and S2, and carried out weighted average processing 
to the value in S3 It asks. 

[0039] At S4, it is the inhalation new air volume QacO per cylinder by QasO, Ne, and constant 

KCON# to the degree type in read in and S5 about an engine speed Ne. It asks. 

At QacO =QasO / NexKCON#S6, it is QasO. Calculated delay processing is performed n times 

and it is the inhalation new air volume Qacn of a collector inlet port. It calculates. 

[0040] S7 — volume ratio Kvol the volumetric-efficiency equivalent value Kin — using — Qacn 

from — delay processing as shown in a degree type is performed, the cylinder inhalation new air 

volume Qac is calculated, and processing is ended. 

Qac=Qacn-1 x(1-Kvol xKin)+Qacn xKvol xKin drawing_9 is the flow chart of the amount Qec 
operation of cylinder inhalation EGR(s). This flow is equivalent to the amount operation means of 
cylinder inhalation EGR(s), and is performed synchronizing with a criteria crank angle signal. 
[0041] In 81 and S2, the amount Qe of EGR(s) and an engine speed Ne are read. About the 
operation approach of the amount Qe of EGR(s), it mentions later. At S3, it is the amount Qecn 
of inhalation EGR(s) per cylinder by the amount Qe of EGR(s), an engine speed Ne, and constant 
KCON# to the degree type. It asks. 

Qecn =Qe/NexKC0N#S4 — volume ratio Kvol the volumetric-efficiency equivalent value Kin — 
using — Qecn from — delay processing as shown in a degree type is performed, the amount 
Qec of cylinder inhalation EGR(s) is calculated, and processing is ended. 

[0042] Qec=Qecn-1 x(1~Kvol xKin)+Qecn xKvol xKin drawing 10 is the flow chart of Ta operation 
whenever [ inhalation new atmospheric temperature ]. This flow is [ whenever / inhalation new 
atmospheric temperature / whenever / detection means and inhalation new atmospheric 
temperature ] equivalent to an amendment means, and is performed by every predetermined time 
(for example, 10ms). It is TaO and intake-pressure Pmn-1 whenever [ inhalation new atmospheric 
temperature / which is detected by the intake temperature sensor in SI ]. It reads. 
[0043] In S2 and S3, like a degree type, the temperature-change prediction operation by the 
principle of thermodynamics is performed, Ta is calculated whenever [ inhalation new 
atmospheric temperature ], and processing is ended. 
Pressure correction factor Ktmpi= (Pmn-1 / PA#) 

inhalation new atmospheric temperature whenever Ta=TaOxKtmpi+TOFF# — here, PA# and 
TOFF# are constants. However, water temperature, the vehicle speed, etc. may amend TOFF#. 
[0044] Draw ing 1 1 is the flow chart of the EGR gas temperature Te operation of an EGR gas 
cooling-system outlet side (collector inlet port). This flow is equivalent to an EGR gas 
temperature operation means including an EGR gas cooling-system effectiveness setting means, 
and is performed synchronizing vyith a criteria crank angle signal, EGR gas circulating water 
temperature TwgO detected in S1 by the basic thermal transmittance kappa 0 in the heating 
surface of the EGR gas cooling system equivalent to the effectiveness of an exhaust-gas 
temperature Texh and an EGR gas cooling system and correction factor kappah, the amount Qe 
of EGR(s), and the EGR gas cooling coolant temperature sensor It reads. 

[0045] in addition, the basic coefficient of overall heat transmission kappa 0 is shown in drawin g 
12 — as — an engine speed Ne and fuel oil consumption (load) Qsol from — map retrieval is 
carried out in approximation, and the correction factor kappah carries out table retrieval from 
the amount Qe of EGR(s), as shown in drawing 1313 . Exhaust-gas temperature Texh And about 
the operation approach of the amount Qe of EGR(sX it mentions later. In S2, ian operation as 
shown in a degree type performs delay processing of thermal transmittance kappa. 
[0046] 

kappa=kappa n-1 x(1-TcK)+kappa0xTcK — here. TcK is a constant. Moreover, n-1 of a 
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subscript It is a value in front of 1 cycle. In S3, an operation as shown in a degree type performs 
progress processing of the EGR gas circulating water temperature Twg. 

Twg=GKTwxTw-TwgOn-1 — here. GKTw is a constant. Moreover, n-1 of a subscript It is a value 
in front of 1 cycle. 

[0047] In S4, by the degree type, the EGR gas temperature Te of an EGR gas cooling-system 
outlet side is calculated, and processing is ended. 
Te=Texh - TwgxkappaxA/(kappaxkappa hxA / 2-QexGp) 

Here, A and Cp are constants. In addition, the operation expression of this Te builds and 
transforms a bottom type based on the heat-exchanger model shown in drawing 14 . 
[0048] GaxCpx(Tgin-Tgout) =kappaxAx (Tgin-Tgout) (/2-Tw) 

Here, Op is gas ratio heat (although it is originally the function of temperature, it considers as a 
constant in a use region noting that change is small), and A is heating surface area. Drawing 1 5 
is the flow chart of a volumetric-efficiency equivalent value Kin operation. This flow is performed 
synchronizing with a criteria crank angle signal. 

[0049] In SI, the cylinder inhalation new air volume Qac, fuel oil consumption Qsol, and an 
engine speed Ne are read. In S2, the volumetric-efficiency basic value KinHI is calculated from 
the cylinder inhalation new air volume Qac and an engine speed Ne with reference to a map as 
shown, for example in drawing 16 . At S3, it is fuel oil consumption Qsol. From an engine speed 
Ne, the volumetric-efficiency load correction factor KinH2 is calculated with reference to a map 
as shown, for example in drawing 17 . 

[0050] In S4, from the volumetric-efficiency basic value KinHI and its correction factor KinH2, 
volumetric-efficiency equivalent value Kin=KinH1xKinH2 is calculated, and processing is ended. 
Drawin g 18 is an exhaust-gas temperature Texh. It is the flow chart of an operation. This flow is 
equivalent to an exhaust-gas-temperature prediction means, and is performed synchronizing 
with a criteria crank angle signal. It is also possible to replace with a prediction operation and to 
use an exhaust gas temperature sensor as an exhaust-gas-temperature detection means. 
[0051] At SI, S2, and S3, they are the cycle processing value QfO of fuel oil consumption, the 
cycle processing value TnO of cylinder inspired gas temperature, and an exhaust pressure Pexh. 
It reads. About the operation approach of QfO and TnO, it mentions later. In S4. the exhaust-gas- 
temperature basic value Texhb is calculated from the cycle processing value QfO of fuel oil 
consumption with reference to a table as shown, for example in drayying 19 - 
[0052] Inhalation-of-air temperature compensation multiplier [ as opposed to / at S5 / an 
exhaust-gas temperature by the cycle processing value TnO of cylinder inspired gas temperature 
to the degree type ] Ktexhl It calculates. 

Ktexhl =(TnO/TA#) KN# — here. TA# and KN# are constants. S6 — exhaust pressure Pexh 
from — exhaust-pressure correction factor [ as opposed to an exhaust-gas temperature using 
the formula based on the principle of the thermodynamics like a degree type ] (temperature rise 
correction factor by exhaust air increased pressure) Ktexh2 It calculates. 
[0053] 

Ktexh2 =(Pexhn-1/PA#) (#Ke-1)/#Ke — here, PA# and #Ke are constants. S7 ~ the exhaust- 
gas-temperature basic value Texhb and inhalation-of-air temperature compensation multiplier 
Ktexhl Exhaust-pressure correction factor Ktexh2 from — exhaust-gas-temperature Texh 
=TexhbxKtexh1 xKtexh2 It calculates and processing is ended. 

[0054] Drawing 20 is the flow chart of the amount Qe operation of EGR(s). This flow is 
equivalent to the amount operation means of EGR(s). and is performed synchronizing with a 
criteria crank angle signal. In SI, an intake pressure Pm, an exhaust pressure Pexh, and the 
amount Lifts of EGR **** lifts as whenever [ EGR valve-opening ] are read. In this case, 
whenever [ EGR valve-opening ], as a detection means, although the EGR valve-lift sensor 
which carries out direct detection of the amount Lifts of EGR **** lifts may be formed, the 
amount Mlift of EGR valve target lifts which mentions an EGR valve later as an amount Lifts of 
EGR **** lifts in the system which will be driven with the actuator with which it is decided that 
the actual amount of lifts will be a reason if desired value is given like a step motor can be used. 
[0055] In S2. the EGR valve flow passage area Ave is calculated from the amount Lifts of EGR 
**** lifts with reference to a table as shown, for example in drawing 21 . At S3, they are the 
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EGR passage valve face product Ave, and an intake pressure Pm and an exhaust pressure Pexh. 
From differential pressure, by the degree type, the EGR flow rate Qe is calculated and 
processing is ended. 

Qe=Avex(Pexh-Pm) 1/2 xKR# — here — KR# — a constant — it is — about — it is a value 
equal to 2xrho (rho is an exhaust air consistency). According to whenever [ EGR valve-opening ]. 
you may ask for KR# from a table. 

[0056] Drawin g 2 2 is the flow chart of cycle processing of cylinder inhalation new air volume 
(displacement), fuel oil consumption, and cylinder inspired gas temperature. This flow is 
performed by every predetermined time (for example, 10ms). At SI, they are the cylinder 
inhalation new air volume Qac, fuel oil consumption Qsol, and cylinder inspired gas Tint. It reads. 
In addition, cylinder inspired gas temperature Tint About the operation approach, it mentions 
later. 

[0057] At S2, they are these Qac(s), Qsol, and Tint. Cycle processing is performed. That is, like a 
degree type, delay processing to have lengthened one from the number of cylinders about Qac is 
performed, and it is the cycle processing value Qexh, i.e.. displacement. It asks and is Qsol. If it 
attaches, delay processing to have lengthened two' from the number of cylinders is performed, 
the cycle processing value QfO is calculated, and it is Tint. If it attaches, delay processing to 
have lengthened one from the number of cylinders is performed, the cycle processing value TnO 
is calculated, and processing is ended. 

[0058] Qexh =QacxZ-(CYLN#-1) Qf0=Qsol xZ'-(CYLN#-2) Tn0=Tint xZ - (CYLN#-1) Here. 
CYLN# is a number of cylinders. Drawing 23 is fuel oil consumption Qsol. It is the flow chart of 
an operation. This flow is performed synchronizing with a criteria crank angle signal. 
[0059] In S1, an engine speed Ne and the accelerator opening (control-lever opening) CL are 
read. In S2, the basic fuel oil consumption Mqdrv is calculated from an engine speed Ne and the 
accelerator opening CL with reference to a map as shown, for example in dra win g 24 . In S3, 
from the basic fuel oil consumption Mqdrv, various amendments, such as water temperature 
amendment, are performed and fuel oil consumption Qsoll is calculated. 

[0060] a map as shown, for example in drawing 25 by S4 — referring to — an engine speed Ne 
and an intake pressure Pm to maximum injection-quantity Qsoll MAX asking — a limit of the 
maximum injection quantity — carrying out (choosing the smaller one from QsoU and Qsoll MAX) 
— a result — final fuel oil consumption Qsol ** — it carries out and processing is ended. 
Drawing 26 is the flow chart of the amount Liftt operation of command lifts to an EGR valve. 
This flow is equivalent to an EGR valve-control means, and is performed synchronizing with a 
criteria crank angle signal. 

[0061] In SI, an intake pressure Pm, an exhaust pressure Pexh, and the amount Tqe of target 
EGR(s) are read. About the operation approach of the amount Tqe of target EGR(s). it mentions 
later. In S2, the EGR valve demand flow passage area Tav is calculated using the formula based 
on the principle of the hydrodynamics like a degree type. 

Tav=Tqe/(Pexh-Pm)1/2 / KR# — here — KR# — a constant — it is — about — it is a value 
equal to 2xrho (rho is an exhaust air consistency). According to whenever [ EGR valve-opening ]. 
you may ask for KR# from a table. 

[0062] In S3, the amount Mlift of target lifts is calculated from the EGR valve demand flow 
passage area Tav with reference to the table showing the relation of the flow passage area and 
the amount of lifts as shown, for example in drawing 27 . In S4, progress processing for actuation 
delay of a valve is performed in the amount Mlift of target lifts, and processing is ended by 
making the value into the amount Liftt of command lifts. 

[0063] Drawing 28 is the flow chart of the amount Tqe operation of target EGR(s). This flow is 
equivalent to the amount operation means of target EGR(s) with the flow of drawing 29 , and is 
performed synchronizing with a criteria crank angle signal. In SI, engine-speed Ne, target EGR 
rate Megr, and the cylinder inhalation new air volume Qac are read. Target EGR rate Megr About 
the operation approach, it mentions later. 

[0064] At S2, it is target EGR rate Megr to the cylinder inhalation new air volume Qac. By taking 
advantaging, it is amount TqecO=QacxMegr of target inhalation EGR(s). It asks. In S3, progress 
processing of an inhalation-of-air system capacitive component is performed in the amount 
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TqecO of target inhalation EGR(s) like a degree type, and it is Tqec. It asks. 
At Tqec =Tqecn-1 x(1-KinxKvol)+Tqec xKinxKvolS4, it is the amount Tqec of target inhalation 
EGR(s). From an engine speed Ne and constant KCON#, by the degree type, the amount Tqe of 
target EGR(s) is calculated and processing is ended. 

[0065] Tqe=Tqec xNe/KCON# drawing 29 is target EGR rate Megr. It is the flow chart of an 
operation. This flow is equivalent to the amount operation means of target EGR(s), and the 
amount amendment means of target EGR(s). and is performed synchronizing with a criteria crank 
angle signal. At SI, they are engine-speed Ne. fuel oil consumption Qsol, and the cylinder 
inspired gas temperature Tint. It reads. Cylinder inspired gas temperature Tint About the 
operation approach, it mentions later, 

[0066] S2 — an engine speed Ne and fuel oil consumption Qsol from — with reference to a map 
as shown, for example in drawing 30 , the target EGR rate basic value MegrO is calculated. S3 — 
cylinder inspired gas temperature Tint from — a table as shown, for example in drawing 31 — 
referring to — correction factor Hegr It calculates. At S4, it is a correction factor Hegr to the 
target EGR rate basic value MegrO. By taking advantaging, it is target EGR rate Megr 
=MegrOxHegr. It asks and processing is ended. This part is equivalent to the amount (target EGR 
rate) amendment means of target EGR(s). 

[0067] Drawing 32 is the cylinder inspired gas temperature Tint. It is the flow chart of an 
operation. This flow is equivalent to a cylinder inspired gas temperature operation means, and is 
performed synchronizing with a criteria crank angle signal. In S1, Ta and the EGR gas 
temperature Te are read whenever [ cylinder inhalation new-air-volume Qac amount Qec of 
cylinder inhalation EGR(s), and inhalation new atmospheric temperature ]. 
[0068] At S2, it is the cylinder inspired gas temperature Tint by these to the degree type. It 
calculates and processing is ended. 
Tint =(QacxTa+QecxTe)/(Qac+Qec) 

Thus, measure whenever [ inhalation new-air-volume and inhalation new atmospheric 
temperature ], and predict an intake pressure according to the principle of thermodynamics and 
hydrodynamics, and an exhaust pressure as well as an intake pressure is predicted. With the 
principle of hydrodynamics, from the differential pressure of an intake pressure and an exhaust 
pressure, and the opening area information over the amount of lifts of an EGR valve It is possible 
to predict correctly the gas temperature inhaled by the cylinder by considering as the 
configuration which calculates the amount of target EGR(s), and predicting the EGR gas 
temperature of an EGR gas cooling-system outlet side according to the operational status of the 
amount of EGR(s), and an engine. 

[0069] Moreover, cylinder inspired gas temperature can be correctly predicted by predicting the 
delay of a sensor, an actuator, and a working fluid, and progressing and processing so that this 
delay may be compensated. Consequently, in the diesel power plant which applied the EGR gas 
cooling system, even if it is transient operation from which a service condition changes every 
moment, the exhaust air reduction effectiveness by EGR gas cooling is enjoyable. Moreover, 
since cylinder inspired gas temperature can be predicted with a sufficient precision, it becomes 
possible to carry out amendment control of the amount of EGR(s) according to cylinder inspired 
gas temperature, and the desired exhaust air reduction effectiveness comes to be acquired. 
[0070] Other examples of following this invention are explained. Drawing 33 is drawing showing 
the configuration in the 2nd operation gestalt. With this 2nd operation gestalt, it is characterized 
by arranging the EGR gas cooling system 9 between the radiator 41 of an engine-coolant 
network, and a thermostat 42, and cooling with the water with which the engine cooling water got 
cold most, and adjusting water temperature with the radiator fan 43 as a water temperature 
adjusting device. 44 is a Water pump. 

[0071] In addition, although not illustrated, it has a water cooling network separately in the EGR 
gas cooling systems 9, and you may make it adjust water temperature. In this 2nd operation 
gestalt. a different point from the 1st operation gestalt is a point that the flow of drawing 34 is 
added, on control. Drawing 34 is the flow chart of the EGR gas cooling water temperature control 
by the radiator fan. This flow is performed synchronizing with a criteria crank angle signal. 
[0072] As shown to the cylinder inspired gas temperature Tint and drawing 35 in 81. they are an 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2005/09/07 



» ■ 

JP,11-166452,A [DETAILED DESCRIPTION] 



10/11 ^— V 



engine speed Ne and fuel oil consumption (load) Qsol, The target cylinder inspired gas 
temperature Mtint set up is read. At S2, it is the cylinder inspired gas temperature Tint. 
Difference dTint =Tint-Mtint with the target cylinder inspired gas temperature Mtint is 
calculated. 

[0073] S3 — temperature gradient dTint from — with reference to a table as shown in drawing 
36 , a radiator fan actuation number of stages (Off, Low, Mid. and Hi) is set up, the corresponding 
radiator fan control command is outputted, and processing is ended. That is, by controlling 
actuation of a radiator fan and controlling an EGR gas circulating water temperature, the amount 
of heat exchange is controlled by this 2nd example, and cylinder inspired gas temperature is 
controlled by it. 

[0074] Drawing 37 is drawing showing the configuration in the 3rd operation gestalt of this 
invention, in this 3rd example, the amount of water which arranges the EGR gas cooling system 9 
between Water pump 44 of thermostat 42 lower stream of a river and the Inlet side of an engine 
1, and cools with the water maintained at constant temperature, and passes the EGR gas cooling 
system 9 is adjusted — as — amount of water — the amount of water as an adjusting device — 
it is characterized by forming a regulator valve 45 and adjusting amount of water, amount of 
water — as a regulator valve 45, the solenoid valve of a proportionality solenoid mold and the 
control valve driven with a step motor etc. are used. 

[0075] In addition, although not Illustrated, it has a water cooling network separately in the EGR 
gas cooling systems 9, and you may make it adjust amount of water. In this 3rd operation gestalt, 
a different point from the 1st operation gestalt is a point that replace with the flow of drawing 1 1 
and the point (point replace with the table of drawin g 1 3 strictly and using the map of drawin g 
40 ) using the flow of dr awing 38 and the flow of drawing 41 are added, on control, 
[0076] Drawing 38 is the flow chart of an EGR gas temperature Te operation routine. This flow is 
equivalent to an EGR gas temperature operation means including an EGR gas cooling 
effectiveness setting means, and is performed synchronizing with a criteria crank angle signal. 
EGR gas circulating water temperature TwgO detected in SI by the basic thermal transmittance 
kappa 0 in the heating surface of the EGR gas cooling system equivalent to the effectiveness of 
an exhaust-gas temperature Texh and an EGR gas cooling system and correction factor kappah. 
the amount Qe of EGR(s), and the EGR gas cooling coolant temperature sensor It reads. 
[0077] in addition, the basic coefficient of overall heat transmission kappa 0 is shown in drawing 
39 — as — an engine speed Ne and fuel oil consumption (load) Qsol from — map retrieval is 
carried out in approximation and the correction factor kappah is shown in drawing 4040 — as — 
the amount Qe of EGR(s), and amount of water — map retrieval is carried out from regulator- 
valve opening. In S2, an operation as shown in a degree type performs delay processing of 
thermal transmittance kappa. 

kappa=kappa n-1 x(1 -TcK)+kappaOxTcK — here. TcK is a constant. Moreover, n-1 of a 
subscript It is a value in front of 1 cycle. 

[0078] In S3, an operation as shown in a degree type performs progress processing of the EGR 
gas circulating water temperature Twg. 

Twg=GKTwxTw-TwgOn-1 — here, GKTw is a constant. Moreover, n-1 of a subscript It is a value 
in front of 1 cycle. 

[0079] In S4, by the degree type, the EGR gas temperature Te of an EGR gas cooling-system 
outlet side is calculated, and processing is ended. 
Te=Texh - TwgxkappaxAAkappaxkappa hxA / 2-QexGp) 

Here, A and Cp are constants, drawin g 41 — amount of water — it is the flow chart of the EGR 
gas circulating water flow control by the regulator valve. This flow is performed synchronizing 
with a criteria crank angle signal. 

[0080] As shown to the cylinder inspired gas temperature Tint and drawing 42 in SI, they are an 
engine speed Ne and fuel oil consumption (load) Qsol. The target cylinder inspired gas 
temperature Mtint set up is read. At S2, it is the cylinder inspired gas temperature Tint. 
Difference dTint =Tint-Mtint with the target cylinder inspired gas temperature Mtint is 
calculated. 

[0081] S3 — temperature gradient dTint from — a table as shown in drawing 43 — referring to - 
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- amount of water — regulator-valve opening — setting up — amount of water — a control 
command is outputted to the actuator for a regulator-valve drive, and processing is ended, 
namely, — this 3rd operation gestalt — amount of water — by controlling the opening of a 
regulator valve and controlling an EGR gas circulating water flow, the amount of heat exchange is 
controlled and cylinder inspired gas temperature is controlled. 

[0082] Thus, since cylinder inspired gas temperature stops being able to change at the time of 
transient operation easily by controlling the capacity of an EGR gas cooling system according to 
the predicted cylinder inspired gas temperature according to the 2nd operation gestalt or the 3rd 
operation gestalt (it shifts especially to an elevated-temperature side), the exhaust air reduction 
effectiveness by EGR gas cooling is enjoyable to the maximum extent. 



[Translation done.] 
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>OEGR0JWgmo 

?^a]7jc{c<j; 0 E G R:^f A ^?^a3-r ^ E G R ::^A?^ai^e 
WLt-r^ m^m e mm,(D^^ -if ;ux > >o e g r $0 

im^ms] 5/'J>^®A:;^^AiajSJcj5£;UT. x>v> 
J^^/Ktc J; D E G R;^A<^?^^n-r^ E G R:^A?^^ge 

<h-r^HS3R3l 6 ie«05='^ -if;Ux>>?><^ E G R^iJiS? 
[0 0 0 1] 

30 mBMo^mr^^m^m] *^B>«fri, egr mm.m 

m ;^A?^^ili^g#^<7)EGRgM^il^e^^-if;U 
x>>^>tc;fett^'>U >:$^®A:^AraS#tili^e. 1^ 

[0 0 0 2] 

tc^^-if;ux>>?>(7)NOx^{S^ii^-r^;^i*tc. 

\z E G R frt ^ > m^^\zmm ^ nfcmmmiKr 
mm^^Lu^fc^. -mzmm.Wim,^ (i^TPM;Pa 

rticulale U&iiexhm't^) ^m<Dm^^^ (HC, C 

o) f)mit'r^m\^\z^^o 

[0 0 0 3] ^CT, ca)hU—]^:pty<Dm^^^^'t 
^rcib\z. fie*cDt£f;(«stt^^c^ii:«7^^-if;ux>v 
>\zMi.. mfztmm::^ hibmm^tix^^ 
^, 4^M¥8 - 8 6 2 5 i^jcti> mm-^nfc 
mno:>mikmnmm^mmmiz^<v. mmum^r^i 

50 ^^nx^^^^o 
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[0 0 0 4] mtc. EGRiS:^<DWLm^T^f^t. KA 

mmzB:^q,^^ztji'z>x:^o. wm^s -261072-^ 

r^mt^ E G R:^X?&iP^® A^fg^Mtt^&^S ^ o T 
[0 0 0 5] 

-T^-r -'tf;ux > > ^mm b fc*i^T^fT L t ^ 

[0 0 0 6] ||^(7D*M(D«^, X>v>lpI^^-^M^^ 

^7L\z. '^M\^rz.\^^zy^)>^\z^x'^n^i57s^m^M 20 

m.^m\z^y)i^^<mt\^xi.^o. 'i^t-ox. mu\^fc 
^m^^- 2 6 1 0 7 2^\zmm<DEGRi^7snin^m 
^tztzM^\zMmzmm\^rz.tinx\t. ^nm's^xn^n 
^ E GRi5:;^ii^n^^m<r)m%{^m^^f)m^nf^^^. 
[0 0 0 7] ^fc, ^t^^mz^^}%Mi\^mmm'^m% 
u^(omt\z^\^x. EGRi57.nnmm\hum<r>EG 
Rii:^mLm.(Dmt\-^^ ^nmm(Dm^'^<D^mx . 
m^^^-r. z.(Drz^. m?i\tEGR^(Dm^^—'^\z 

mt\zn\^xm^)^-^xEGRmfimit-r^. ^ct> 30 

m^^^t^mW-e- 1 0 8 9 2 S^(D^o\ZEGR1^7.}^ 

n^mco mmzEGR-^Ts mL^^m^t^ j: ^ tc-tr >i^- 

^mwly. EGR;tfXMS{CJE£;i;rEGRS^*fijE-r'5 

[0 0 0 8] %^(Du&^m\^r^m'^. ta^ 

<07i—y—x^y). ^m(OEGRn7sW,&^nm^<m 
^r^zt\tmmxi^^. ^tc. iiy'^-\o:>m<onm\z 

[0 0 0 9] m:^. m^\^wm^5- 2 e s 7 1 7^(D 
^o\zx.>zy>(Dm^^mh^^m^mm.'^p^}£t^m\ 

[0 0 10] ^tc. EGR:^7s}^m&m<D^3t^m^^ 50 
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^^mr^m^. mmm^xm^^nx^^^^^m.Mm'^m] 

met D i&TLU^^y"^ -ifJi^Xlt&tJ-t >-t^-T^^^rt 

fi.^iEm\zm^'t^zt\tmmxiib^o z<Drzisb. 

(DEGRm<^^mmm'^^^+^x^o . ^m^umhiEm 
izi-mix^u^^rzisb. >y\z^A^n^:^:^um.^ 

[0 0 11] :$i^m\t. z(D^oU'i^t^omm.^\zmE 
Lxu-^tifz^o^x. EGR:^>^}^mmm^mmiyrz^ 
tf;ux>>?>jr*5ViT, m^^mm^m^^^it-r 
^j^z)U}^mm^xh-^xhEGRiS7.}^mz^^m% 
t&.m^M^^^T^z^i)^x^^^o\z. i^v>y^A 

[0 0 12] ^fz. z<Diy^)>y^xi^:^ummh^m 
^fflv^. i^v>y^x:»y^i^m\zjt^\:^x. egr^^ie 

-C^^5^^-if;UX>>^>CDEGR^J^Sg*tl^'r^ 
[0 0 13] 

mm^m^-r^rzi6(D^m zotz^. is^jiuc^ 
^%mx\t. :k<D^o\z. mi^-t^ mi^m) . x> 

[0 0 14] ^tz. W%m^^m%1^X(D-^^^%J^ 
'\3lc?ltT>5EGR31g§i:. E G R®!^(^^^tC^tt e>n 

tzEGR^L. x.yiyymu^mzm'^^^x^mEGR 

«^fS^T'5@^EGRftf5^^iS:i:, ^%^^^tihm 
n,^)i.i^t,(0^]£,t.^mEGRmht^^EGR^(D^m 

mm.^WL^\^xEGR^^mmt^EGR^mm^Wit. 

^m^. Mfl. EGRi5X^l^nr^EGRf57.}%nm 

[0 0 15] z,z.\z^\f^x. m%^m.xm%m^\h^WL\z 

EGR^<Dm&t:1^mr^EGRnmm^^^Wch. ® 
:^ ^: #m ^ BE <t CD Mm i E G R # CO ^ ^ <h e 
EGR*^?«m-r^EGRSM^^^<h. EGRfttCjg 
n^^lJi^iSUTvU >:$^fRAEGRft€:SI^-r^'>U > 

^S^AEGRS?K^^g:<h, EGR^7.}^nmm(om^ 
^^^-r^EGR;^x?^a]^egi^iSS^S<h, S^^rM 
^ <h E G R ;*rx?^^^g(Da)^ ch tcS-^'t^^T E G R :tf X 
tb P ffiiJ E G R X ^ S^-r ^ E G R :^ X 

uw^n^m^t.. iy^)yymxm%mL^xmm^^t: 

y U > ^^X EGRiiEGR i^x}^w&m^ □ fiycT) E 
GR^^/T.fM^ehfcS-rfv^Tv-U >i5^KA:^;^iaS^^» 

rs'>'J>^KA:^fx^as^s»^s^:Sr^^tT, 
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[0 0 16] ii*JS2 {Cii^^B^Ttl, tfrlEEGR:^X 

TKMS^^mt-^ E G R :^X?^ai7K?M^tb^S^^tt 

Jftaa^® ^51 J® -r ^ i^aiTKMS <i: E G R :^ X 

gco^ii^ t [c^':5ViT E G R:^ xi^M^mih a m<D EG 

R:^7si^m^mn'r^m0^^Lrcz.t.^^WLt'r^ m 

l#fiS) o 10 

[0 0 17] m^m3\zw.^^mx^\t. m^^^^}£ti 

wmtr^. $n^m4\z^.^mmx\^. m$^mm.umm 
m^mzi^^x. x,>zy>mm0kmzm':^^^xnmwLm 

[0 0 18] mjs^ms\z^^mMx\t. mtrnxm^Wi 20 
mm\ii^^\z^D^m'^n^mxm^um^^m.^}£t] 

mtr^ mi^M) » m^me\zm^^mx\t. ±fB 

fS:^Mm\Zit^CX. g^EGRl^ffilET^S^EGR 

mmiE^m^m^fx. -i£)i^x.>z^>(DEGRmm 
mm^mf^r^ mi mm) o 
[0 0 19] m^mi \z^^^mmx\t. i^oyy^x:^ 

7.um\ZJt-CX. X>>?>?^5^7KtCcfcO EGR;^fX^?^ 

ait* -5 E GRiJx}^^mm<D}^wyi<um^mm-r^7Ku 30 
BMX\t. i^'J >y\^x:^:^i^m\zjt^\:x. x>>?>?^ai 

TKfc J: 0 E G R ^J^aJT S E G R :^7s}^m^m<^rfi 
[0 0 2 0] 

m^mi\z^^^mM\z^nj,t. >-u>^ 

KASf ^fi <h K A^^fUS^ <h U > A E G R m <i: E 
G R :^ X J^ai^® m D fflij CD E G R 7. MS i: ^n^*n 

mmz^isb. z.n^\zm^^^xi^^j>ymxiJ7.^^m^ 40 
T E G R ^mmzmmmm^^ z. h^^-^m^zr^^t^^^ o 
{0 0 2 m^y^2\z^.^%m\z^n\t. egriix 

J^aiS® 7&^x > >^ >?^aJ7K i: 0 E G R A ^ ^ 

^^fc, z.(DEGRi5:7s}^nmm.^mmr^}^mi^mL& 
^i^mi^. ^n^^^bT, EGR:^A?^aiseffip{|ij 

(DEGR:;^AtaS^ia^T^Clci:tc:^0, S/U>i5^KA 

i5xwL&^^K^iEmz^mm.nx^^. m^m^\z%^ 
^m\z^n\ii. x.>i^ym^^mzm^\^^xmm.^^is,ti 50 



[0 0 2 2] i»*3g4tC«^^^BJJCJ:nti> x>v>al 

HJ(;:J;nfri. -fe:>1ttcJ;^®:Aff^?Ma[<DMttiffi^®m 
^JE:trtc:J;i9«jE-r^c:i:tCct: 0, ®:M^m:^o^Iljtc 
cfc ^ ® A«T^jaS<7)^i!l^&«I?ilc ^ ^ S C i:;??^T^ 

-So 

[0 0 2 3] iS*3l6»30^€>SgB>^t::cfcn«, ±tBcO'>U 
>^®A;^Araig^ai^e^ffli^ zyV>y^X:^XU 
m\zmCX. ggEGR*^«iET^il<h(CJ:f9, 
E G R A ?^5^<^jinjc J: ^ g^^o^ffc ^^/hfS «) 

^^x^^o $n^m7 \z^.^^BM\zxn\f^. i^^jy^mx 
tJxumiizjt-U'X. EGR:tfA?&a]i$g(7)?ftai7K?a^^ 
mm-r^z^t^z^o. EGR:^x}^&mm(omi3^mm 
UT, mmmmmz^\^^x^EGR:^7s}^mz^^mn, 
i^mj}M^m:km\z^^x^^. 
[0 0 2 4] m:^ms\z^^^BM\z^nit. i^v>y^ 

X^^lMim^zit^U'X. EGR:^A?f?39]gecD?^^7K»^ 

mm^^z,^\z^o. EGR;tfA?^aii^S(Dtg:^£aw 
bT, mmmmmz^\^^x%EGRiJ7sif^m\z^^Mm 
i&mm^^m^m\z^^x^^o 

[0 0 2 5] 

[^m(r>mm<Dmm] ^r\z:^^m(omm(omm\z'Di^ 
m'¥'mmmnmm^->':f2\zj:.o. mnmmyxjvs^ 

^bT, ^^:^^4i:^}Cit^tfgM^i^^$n^. 

[0 0 2 6] \^%^\z\t. mm.^^onmi^::^<D-'^f)^ 

EGR^HlCj:02^A^n^o EGRl^gt^, EGR31 
SS5, EGRa$:*!lt9"rSEGR#6. S:t;^3U^^7 

(EGR:^AigAfie) ±j5ft(7)®^I^O#8 
^^n-Bo EGR®S§5ICfr^, x>>'>i^^n7Ktc:J;0 E 
G R :^ A E G R A 9 i^^^tt ^nT 

[0 0 2 7] ^Tz. :j\yp^7ym\z:^u-)imn^i 
of)mn^nx\^^x. z,ti\z^r)mm^4^\z7.'7—)u 
^^^'^mx^^o ^rz. z.(Dmx\t. ^m.^\z. ^- 
4^3gi«g«i is:c/^>:^-^-^ 1 2^mm^n. 
^\z. mnmtm<Dmmi s^t^^^nn^^o i 4\t 

©Ai^mS^^m-r^a^Air^g^ttJ^^i: bT<Dxr 
7n-p<~^. 1 5t^KAST^t^K^e^Ul-r'2>KA«fm 
rUm^tti^SibTcoffi:mia-fe>i^> l 6t5x>v>?ft 
ai7KMlS^^tiiT^7KMir>it, 1 7 t^E G R:^A?^iP 
9 ^51iMT^?^i|l7KtU^^^tb'ra E G R;^A?^^ 
TKtaeitB^^ bT<^ E G R ;tf AJ^^TKia-fe: >1tT^ 

-So 

[0 0 2 8] m'^mmmmmM^>':f2Rzsmnmm/ 



( 5 ) 
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yv"^:7 h 2 1 iCcfcoTiHieu. x,^ 

2^t.. :/^>s^^ 2 5{Cci:oTfiDj£^n;^cj^f4^4^> 
> hn-;i/XU— y2 7 ch, :]> hci-;pxu— y 2 7 
-y i//-r H2 8 ch, ^vyv^2%(r>mm'^x^w± 

[0 0 2 9] ^fc. m^^fJPP»4'^l^4^>7^2fri, *^5|sf 

l9f2:7x-rX:^JA2 4<tJ^-&$n, ^<7){4g^^ 20 

-frT> ^J4«l^»#ffi^Pl^^^g^'cJ:^'< vt:x h>3 0 
iS^^-^rtfX h>3 0 ^^IRiftf ^itfl£^l^<7)i«m«S5pf 

[0 0 3 0] Hlc. &il-tr>lfchUT. x>>^>ipieg: 

Xt^7t?>7'lHl^l^^^t±i-r'5lHltel^-tr>1t3 2, 3 3 
^T^7't:Jl.MSir>1t3 4, ^5|Bf«l*yX;i^3<7)ffi#B^ 30 

7, x>v>=^-x-r ^y^3 8?^c£^*:d^igtte.n, cine 

(Dm^:^^=i> hn— jUrt-^y h 3 9 \zAtJ^nx^^^o 
[0 0 3 1] ^fc, EI 1 *lc^L';^x77n— ^-rJ' 1 
4. ®m?M-fe V-y- 1 5 , 7KM-t>1tl6, EGR:^X?& 

^7j<?a-ir>+M 7 <Dm^hziyhu-)lsLr.y h3 9(C 

[0 0 3 2] n>hD— ;i/lL-^y h 3 9f^, F^lc<^T-r 
[0 0 3 3] EGR#6«, E G RMK 5 ftC^^t^ 

XT-u/r/^-^JCctoiKWi^nT. egrs^hs so 
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O^S\t. /^^a.-J^^>^Xi^ibtl^n&^7t\Z. 2 
0(7)mm#4 1, 4 2(7);*->:^37*!lSEPTi^EE$n^»m 
^m\z^O. ^^mzH^WiLX. ::iU^^7[H<D&t}^ 

[0 0 3 4] :k\z. ump^^^yu-^v—h^m^^x 

-it^^j^mtij^m^mzmmi.. mm^yy^^mn 
\zmmi.xm=f^n^o ^mmmzi^^x. mm,^f£f} 
^m^mtvx^%&±:>'^^m^^^zh^-pjmx!^ 

[0 0 3 5] si-et^, i^^j>y^xmm.mQac. f>u 

>^®:AEGRfl[Qec. S^ASr^rMitT a , EGR;^X 

[0 0 3 6] Pm= ( (QacxT a+QecXTe) XR 
XKpm) y (KinXKvol ) +Op[n 

c/®:m^^«[Vm) , Kpm, Om\t^^X$> 

-So |gI7t5i^^mi^EE;ti (EGR:^XfxH:inEE:^j ; i^TSN 
^EEchl^i^) Pexh ^SS:c^)>^D-5^v- h-rab-So 

-So 

[0 0 3 7] siTt^, yu>^f)^^mih^n^m%m 

Qexh , m^Umrexh , x > Xalfe^N e 

Pexh m31^*IT-r^o 

Pexh = (Qexh XNe/Kcon ) ' XTexh XKpexh 

+ Opexh 

ZZX. Kcon . Kpexh> Oi?e\h\t^^X^^o 
[0 0 3 8] S8Jiv'U>y®Afr^aQac?I^co:7D 

-^^-hx^^. :^ya-\tyo>y&Am%m?i^w 
^mzw^v. mm!7^>^^mn\zmmi^xmn^n 

-5. SiTt^. xT7a — ^— 5^ (AFM) cotti;';®^ 
^ssi^^, s2-e«, -^(T^mmifi^e'T— y;^^giT®:A 

[0 0 3 9] S4-etl, X>>^>|Hlte^N e 
S5T«, QasO , N e :Rr;^3^»KCON#7!»>e. 
l>^'J>^^3tOc^®A«rmaQacO 

QacO =QasO /NeXKCON# 

S67r«, QasO <DnlHlSIS£i^<^jin«Q:31^ffl^^, 3 1/ 
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CO 0 4 0] S 7X-\t. ^^irbKvol <h^li^i^1^^11 
Kintt:m\^^X. Qacn :fy^ib:^^\Z^'t .koUMn^Iim 

Qac = Qacn-l x (1-Kvol XKin) +Qacn XKvo 
1 XKin 

[0 0 4 1] SI, EGRfiQe, X>>^> 

t^^aiT-So S3T'«, EGRfiQe, X.>z^>^^m 

NeJ5:tJf3£ScKCON#3&^e>, l'>U>i5^ 

^^cOcOS^AEGRftQecn ^^a6So 

Qecn =QeXNeXKCON# 

S4T«, SWitKvol a:^*:|g^^tB^fflKint^ffi^/^ 

T, Qecn •^^^:k^\Z^T<i:oUmn^m^n^XzyV 

[0 0 4 2] Qec=Qecn-l x (1-Kvol XKin) + 
Qecn XKvol XKin 

mi OfriKASfmr^ffiT amw<Dyu-^^-hx$> 

MiE^^tcffi^b, m^m^i m^^ti oms) ^tc^ 

[0 0 4 3] S2, SSTti, :;^^c7)r^<, n^.ij^<D 

m:^ffiiE«^aKtmpi- (Pmn-1 /PA#) 
KAtfmtM^T a=TaOXKtmpi + TOF F# 
ZZ.X\ PA#, TOP F#ti^&T^^o {0b> TO 
F F # ^tKM-^* jS^ J: 0 SIE U T 'fo J: t^^o 

[0 0 4 4] mi uiEGR;^x?^aJseajn{8i] cdu 

x^^o :^yu-\tEGRisy.i^mmmmmWi&^^^ 

^tsEGRfjy.umtkW^mzmmi.. sm^y>^^ 
m^^zmmvxmrT'^n^o six\ts wm^umTexh 
. EGRii7.}^ni^m(Dmm\zm^r^EGR:^y.}^ 
wmm(Dis^mm\z:^^f^m^^Mm.mK oikxs^<DmiE 

WiWiKh. EGRSQe, EGR:^y^l^m7KU'^>'^\Z 
J;OMttl$n'5EGR:^X?^ai7KM*TwgO ^Ui^tSo 

[0 0 4 5] j^, m^mmmmK o\t. igii2(c^-r^ 
v\z. x.>i^>mm^N e tmnmmm (^m) qsoi 

1 3\Z7F:'r^^\Z. EGRSQej^>^e>7^-y;i/«^«"r 

m^umrexh RV^EGRMQ e (Dmn^jm^z-o^^ 

[0 0 4 6] 
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/c = «;n-l X (1-TcK) + /c 0 X T c K 

CCT, T c Kt^^i5cT$)^o ^^On-1 1 it 

^)um<Dmx^^o S3x\t. :^^\z7R'r<kouuW' 

\Z^0. EGR:3t/A?&aixKMffiTwg(Z)jt^i!l31S:fT'5« 

Twg=GKTwX Tw - TwgOn-1 

CCT, GKTwt^3^lfi:i:$>^p ^fc. HI 

[0 0 4 7] 5 47?^^. 'A^\Z<kfO. EGRlJXl^WI^ 

mitiam(DEGR:^ysumT e^mwi^^ ^m^^j-r 

10 

Te=Texh -TvgX kXAX ( /c X /c h X A/ 2 - Q 
e X C p) 

ZZ.X. A. Cv\tm»:X$>^o f^, CCOTeCDSff^ 
H, EI 1 4tC^-ri^S!^§§^^JU$S(CT^€:/^T, ^ 

[0 0 4 8] GaXCpX (Tgin -Tgout) =/cXA 
X ( (Tgin -Tgout) /2-Tw) 

ZCX. CD\t1Sy.^m i:$imtMm(Dm^X^^i)^m 

m^xit^it^^^i^^^^Li^x^^^'r^) > A\t&mm 

20 m»X$,^. mi 5«#iaS&^ffi^ffiKin?S»0:7n- 

^^-hx$>^. :^yu-\tmm^y>^Mmn\zmm 
Lxmn^n^o 

[0 0 4 9] si-eti, '>u >y®A»fmsQac. 

«ltSQso! , X>>^>lp]^^N e ^^jXtTo S2X 

>^U >^®A»r^ftQac<hx>v>|pIKg:Ne <h;&^ 
e>> ^J^t^^l 6{3^"rJ:3^j:-7!y7'^#RBbT> i^m 

^mm:^mKinm^m.W'r^o S3x\t. mMmmmQ 

sol <hx>i;>[BjfeiScN e chT^^e, 0iJ;tfri'lI 1 7 ^C:^-r 
30 ^mm-r^o 

[0 0 5 0] s4Tti. wmmmm^mKinmii^o)^ 

lE^MK\nn2tf)^^> >f*:a5g)45ffl^MKin=KinHlXK 

inm^^wv. mm^mTT^o mi smmumrex 

h mW(Dya-^^-hX$>^. :^yu-mmumif^ 
m^^^zmmL. mm^yy^^mn^zmmi^xm'n^ 
n^. i^m\m,w\zK^x. m^Mmmm^^iiLxm% 
u±iy'^^m^^^z.t.h'^mx$>^. 
[0 0 5 1] SI, s2, ssTti, mnm^mco-^-r 

^^;i/S!i31MQfO, i>'J >^®A;trAMS!<Di?--f ^;i/«[i3l 
40 MTnO. mm.J£Pexh ^U^^tSo QfO, TnO<D?|IS;^^ 

\z'z>\^^xmkm'r^. S4x\t. mnmmm(0'\)--r ^ ji^ 
ffl3ifflQfo:?&^^> mpi^tmi 9\z^'r^vtii^—^)i^^ 

^miyX. S^^MSS*MTexhb^?1l#-rao 
[0 0 5 2] S5-Cli, i>U >i$^®A:trAMS<^1t<i> 

;uM3iMTn07&^e, :^^\z^Ki. m^mm\zMT^^m 

Ktexhi = (Tn0/TA#) 

TA#. KN#t*^^T*)^o S6Tt^, 
ffiPexh i^^ib. 'A^<D:::t^mii3^omw\\zm^<^^ 

50 ffli^^T, umum^znr^mm.&miEWi^ (#mjE±# 
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\Z^:S>mm±WmiEmm Ktexh2 ^m,»T^o 

[0 0 5 3] 
Ktexh2 = (Pexhn-1/PA#) 

CdT, PA#, ftKe^^gcr^So S7-r«. SNfl 
MKa*MTexhbch®^MSSiEi^i5:Ktexhl ^g^Mi£ 
MiE^^Ktexh2 <h7&^^, gf^MSTexh =TexhbXK 
texhl xKtexh2 ^mWV. mm^^TT^o 
[0 0 5 4] m2 0\tEGKmQ emMOyu-^^- 

EEPm, gfmJEEPexh , E G R#Mg?<h UTCO E GR# 

m^Si:LT> EGR^^U :7 hSLifts^it^^^tfi'r 
-6EGR#U:7 h-t^iJ-S-^ttT^ctl^^O^ EGR#& 

»>0^*-« t:: ^ ^ 7 ^ a. X- ^ TiKfti" ^ >- 7. 7^ A 
EGR#^'J hSLiftSchLT, ^^J^-T-SEGR 

[0 0 5 5] S2T't^. EGR#IIU h»Lif ts?:?^ 
^, «aj^t^^2 1 JC^-rJ:'9J^j:a~y;i/€:#RabT, E 20 

^mmAwet. ^amPmiS^EEPexh L(DmBE,tt)^ 

;^5:iC:tcj:»:). egrsesq e ^tsscb. mm^mj 

Qe=AveX (Pexh - Pm) XKR# 

ip\tmn.mm) « KR#^EGR#WSic:j^;;UTT— 

[0 0 5 6] mz 2\tiy'j>ymxm^m m^m) . 
ms) m\zmn^n^o six\^. 5>u>yKASTMfi 

Qac, «*sf«ltmQsol , '>U>5^KA:tfXTint 
[0 0 5 7] S2-et*, C:ne><^Qac, QsoI , Tint 

\z^^ ^jumm^m-ro ^t^tD-^. -a^cdzi^k. qec 
\z'^\^^x\tiy ^j >y^'^^^ 1 3\v^rc^<Dmni^m^n'D 

sol troi^^T^ii/U >i$^^7!?^^ 2 §Ki;^c^cOiin^31^ 40 
fToT. ■!±^^;UijaJi{gQf0^^a6> Tint t^-pl^T^ 

;ujaSMTn0^5Kd6, sas^ieT-r-s, 

[0 0 5 8] Qexh =QacX z' 
QfO=QsoI xZ"*""""* 
TnO=Tint xZ"''''""'* 

Z.Z.X. cYLN#i^v"j >ysscT$>'S, m2 3\tmm 

•gftaQsol mW^<Dya-^^-hx$>^o :^yu—\(t 

mm^ y>^Mm^\zmmi.xmn^n^. 

[0 0 5 9] Sl-eii, x>>'>[5lte^NeS:t;fT^-t 50 
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m:^\^m2 4\z7n'r^ou^y':f^mmi^x. s^mn 
m^muqdTv^^^nr^o s3x\t. m^mmm^mu 

Qsoll^^i6^o 
[0 0 6 0] S4-e«, m^^tm2 5\Z7f:^^'^W^y 

rf^^mi^X. X>v>lHlfe^N e (hSJ^BEPmch?!?^ 

^frl/^ (QsollchQsollMAX tLt^^n^^^^^j^MISi 

^y-r^o 1112 6«EGR#jc^'r^m^'j:7 hftLif 
m^mzm^^i.. mm!7y>^nmn\zmm\^x^n^ 

[0 0 6 1] S1TH> ®:mffiPm, S^mffiPexh , @ 
SEGRSTqe^Mj^tTo g^E G R«Tqe<^)a»;&«fe 

C0^^UtcSo'<^^ffi(/^T, EGR*S:*r7itSSMmTav 

Tav=Tqe/ (Pexh -Pm) //KR# 
CCT, KR#«^gc7r, taS2 X pfrc^LliMT^-i) 
{p\^m%^m o KR#€:EGR#ffiStc;^;:i;T'T*- 

[0 0 6 2] S3Tti, EGR#^ARfi^Ei^®^STav;^^ 
j^^-r-So S4T&^. y hSMliftJC^coftffiljl 

[0 0 6 3] 1112 8ti@^EGRftTqef|^ff(7)>^n-^ 
^— ^-r^-^o :*::7D — 1^13 2 9 □ — <h^tC@^E 
GRg?1I^^KtCl=I^L', «2p^^>iJ7^|fg^tC|^»9U 
T^tf^n^o SlTti. X>>?>lHlSi^N e. g^E 
GR^Megr , U V^KAtr^SQac^^iAtfo 
EGR^Megr COSJ#:^^tC-:3l/iT«?^j2li-r 

[0 0 6 4] S2X\^. S^U >yKAfrm»QacJz@^ 
EGR^Megr ^SU^ C <i: J: 0 , B^KAEGRS 
TqecO=QacXMegr SSTJ^, :^^<DZ:^ 

<, @^®AEGRSTqec0fC®:m^^M^<7)il^il!l31 
^fTl/i> Tqec ^*a6^o 

Tqec =Tqecn-lX (1-KinXKvoI ) +Tqec XK 
InXKvol 

S4TtS. eSKAEGRaTqec (hX>>?>[Hl^^N 
e ^5^^KCON#<ii7&^E>, 'A^\Z^ri^ g^EGRfi 
Tqe^?^»b, ^31^*^T-r^o 

[0 0 6 5] Tqe = Tqec XNe/KCON# 
m2 9t^@SEGR^Megr n— hT^ 

*:7D-tiggEGRSSm^S:Rti^S«EGRg 
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$nSo S1T«, X>>?>!HieScNe, *?S5|sfie#t*Q 
sol , v-U >^®^A:^X?^^Tint ^U^^tSo zy'J>y 

[0 0 6 6] S2T«, X>>'>lHieSi:Ne i:«S^St«*f 

Hegr ^^l^ec:<htCct S^EGR^Megr =Meg 
rOXHegr ^J^sb. mm^^^T-r^. Z.<D^6^f)^^i^E 

[0 0 6 7] 1113 2l^f>U >y^XiSXl^mT'ini ^KS 

>^®:AEGRSQec, ®:Aff^MSTa, EGR:^X 
[0 0 6 8] S2X\t. iin6?&^e>> *^tC<^0. v'U 
Tint = (QacXT a -f QecX T e) X (Qac+Qec) 

mm.j£^:mm\zmm.j£^'^m\Lx. m^f£^mm.}£t.(D 
mj£tEGR^<D^jy hm\zMT^m&mmmmt:f)^ib 
mi^ti^(Dmw\\z^D. ^mEGRm^mw-r^m^t 

b, EGRm^X.>iy>(Dm^^m\Zfit^\^XEGR:^7. 

}^^mmiiiam<DEGR^Aumt^^m\^^z,t\z^ 

0. xU >^JcS^A^n^:^Xr^@t<^:iE5itr^zl')'r^C 
[0 0 6 9] ^fc> irV-lt. r:i7^^X-3^. f'^Sjfj^t^*: 

ojin^^Mijb. z(Dmn^mm'r^<ko\zm^!ii}tm'r 
:i<h;o^*-c^^o ccD^ig;^, EGK^7.r^^mm^mmi^ 

^kT^<i:^?^cCa®Sf51teTfeoTt), EGR:yx?^aJtcJ; 

^Mmi^m^M^^^^'T^z.^^^x^^. ^rz. mm<k 

U > 3^© A;^>?. (CJtx C T E G R g *SlE$'ifPT 

\zu^. 

[0 0 7 0] '^<Di^%m(o^(D%mm\z-r:>\^^xmmt 
^. mzz\^'m2^w^m\z^\'^^mm.^mrmx^ 

-5. :iO||2SIJS?^^Tt^. EGR;tfX?^aiSe9 ^X 
>v>?&a]*^(D-^>^x^ — 4 1 <hit-^7.^'y h 4 2 
iK^KJClBBUT. x>>?>}^^7K(3Ci^'fo?^;^;^t7KT?& 
aib. lO^-::', 7KMi^SSfi^bT(7)5 vX:$^ — :7t >4 

[0 0 7 1] E G R:^XJ^iPS^ 9 
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m\zy^}^mf^m^%mm'ox. T^imL^mm-r ^^o\zi. 
Tt><:fci^. 0j»±, z(Dm2mmmm\z:h\^^x. mim 

ms 4\t^-Jj:^—y7>\z^^EGR:^7.}^n 
> ^ ii-^tcpisa uT^ff ^ n-s o 

[0 0 7 2] SlTti, '>U>:$^®A:tfXiaa^Tint , 

HIS 5f::^-rJ:^(cx>>^>[pIte^Ne ar^J^tg 
*r» (Mffif) Qsol (hTlg^^n^S^S/U >5^®A:^ 
10 XMSMtint^^jXtTo S2X\t. U >i$^®A:^7.M 
^Tint <h@^i/U >:$^®:A:tfX?M*Mtinia:<OMdT 
int =Tint -Mt int^^a6-5p 

[0 0 7 3] S 3T'«, ?aSMdTint f)^^. mse^Z 
B'r<^oUy'-:f)l^^mL'X. 'yi^:^^-y y>i^m 
^m. (Off, Low, Mid, Hi ) ^^^U. nfiBl^fz'y 

iyx,^-y7>um^'fr^mt}Lx. ^s^^T-r^o 

ffij^SfflbT. EGR;^X?^ai7Kf^^^$'JfP'r'S)C(htc: 
20 f^c^^TS)^, 

[0 0 7 4] HIS 7 \t^mm(Dm 3mmmm\z:td\i' 
i$.^^'rmx$>^o c(Dm3mmmx\t. egr;^^?^ 
m^m9^i^-'e:^^^y h4 2ym<D0 7it—^Tf->rf 4 
4 <hx>5^> 1 (Dmxmh<Df^\zmm\^x. ~'&umz 
mznrz.y^x}^n\^. f)^^. EGRi^y.i^n^m^'^M 
m'r^i^m^mmit^^^\z. i^mmm^m^\^x(D7K 

30 [0 0 7 5] i^, ll7Kb/j:l/^7:)^\ E G R ;^X?^iPg® 9 

T^>j;i^^o $w±, z.<Dm3'^m^m\z^^^x. mi^ 

mMmh^f^^^M. lai 10:7n-Jcf^^Tia3 8<D 

yu-^m^^^^. {mmz\t.mi 3(d^-^)v\zr^x 

m4 Q<D'^y':f^m^^^^.) m4 l<Dyu — t^^^^W 
[0 0 7 6] HIS 8fr^EGR;^ZiaS^TeS^;U-5^> 

co:7D-^-\>-hT-^^o ifyu—\^EGR157.}%mn 

mwL^^wt'^^tsEGRi57smLmmM^WL\zn^\^> s 

mf^iSTexh , EGR:;^J::^?^*fl^ecD?ij^lC=fB^'r^E 

GRi5x}^nmm(D^mm\z^n^m:^mnmmi^ q-r 

n't(Dm^^MKh. EGRSQe, E GRi5 TsK^n^^^ 

^a-fe y'^\z^Kii^m-^n^EGKi5y. ^^^7ic?as^ xwgo 

[0 0 7 7] f^, m^mMmMKQ\t. m3 9\zmt^ 

o\z. x.yiy>]B\^Wi^e t^mmmmm (^w) qsoi 
hf)^^i5.m^\z'^y'^^m\^. t(DmsE%i^Kh\t,. m 

. 4 0fc^'rJ:'5(e:. EGRmQe hi\fimM1^^mm^t^ 
50 e*^';' ^^e^^-r^o S2Tti, :k^\Z7t^'t^^U^W-\z 
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/c = /cn-l X (l-TcK) +AcOXTcK 
[0 0 7 8] S3X-\t. 'A^\Z^T<^3t<^^^W-\Z^0. 

E G R^7.i^&7i^mLmTvg(Dm^mm^n v • 

Twg=GKTwXTw - TwgOn- 1 
[0 0 7 9] S4T^i, :k^\Z^K). EGR:^X}^m^ 10 

^. 

Te=Texh -TwgXKXA/ ( /c x k h x A/ 2 - Q 
e XC p) 

[0 0 8 0] SlTtS. v'J >yS^A:^Xta^Tint . 

mm (ftW) Qsol <i:TIS^$n^gS'>U>i5^KA;^ 20 

STint <i:gS5/"J >i5?'©A;^7;t^SMtinti:COMciT 
int =Tint -Mt inl$*de>^<, 
[0 0 8 1 ] S 3Tt^, rfi^MdTinl ^ 4 3 

ti, 7mmm^<Dmm^mmLx. EGR^JT^r^myKm 
^mm-r^ch\z^D. m^^m^mmi^. 
xi57.iELm'kmm't^<Dx^^. 30 
[0 0 8 2] z.(D^o\z. m2'mmwmy.\t.m3'^m^ 
m\zxn^t. ^zi'jb;t'>u yywi.xii7.um.\zm\:^xE 
GRi57.}^nmmm^f3^um't^z.L\z^y^ . '>u> 
y^xii':^iMimmmmumz^\.^x^^m {mz-^u 
m\zi^yv) i.m<u^rz^. EGR-^xn^mz^^i^'^ 

ciiis] mfmmmm<D^Vfm^^^-tm 40 

[EI 5] EGRmm(D^wm'kyT^rm 

[^6] ®m^EE:^j?1l^o:7D-^^- h 

[07] W%lh^£ti^%(oyu-^^- h 

[0 8] X U >y®:A»rmfc1^^<^ 7 n-^^- h 

[0 9] v'U>^ffi:AEGRftSIS£(7)>'D-^-\-- h 

[010] ®A*rmMS?^ffO>'n-^i^-h 

[01 1] EGR:yAMStS^<^7D-^r-h 

[012] 0 

[013] «iE«Sc5^->^;US:^"r0 50 
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[014] m^mm=e^)v^7r^tm 

[015] f^«Sft^^§^M?l^^(7)7n-5^^-h 

[016] w-mmmm:^^^ y y ^^-r 0 
[017] aiE«»*T y ^^-r 0 

[0 18] ^^^^fM^?^^(7)y^D-5"'\'-h 

[019] m%i^mm:^m'j—'zr)v^7r^^m 

[02 0] EGRl:itStcD7D-^^-h 

[021] E G R#^^£S§MfS5=— :/;u^^T0 

[02 2] -tf-r i7;i/a!.31CD:7n— h 

[02 3] mmmmmMn(Dyu-^^-h 

[02 4] mi^mnmmm'^ v :/^^-r0 

[02 5] V y ^^-r0 

[02 6] EGR#fg^U7 hfi^SSO:7D-^-v — 
h 

[02 7] htt^-y;i/^^-r0 

[02 8] @^EGRai^»:<^>'D-^^-h 
[02 9] gSEGR^?ll»<^:7D— ^i-— h 
[03 0] g^EGR^^2^Mv^yy$^-r0 

[031] miE'mi'T-^ )v^^^Wi 

[0 3 2] >^U>i$^®A:;tf7.?MfiSl^co>'a-^-\'- 
h 

[0 3 3] ^^-mmmsz^^^^mf^^^tm 

[03 4] EGR:tfX?^Sl:^m*!lfP<0:7D-^i'— h 

[0 3 5] e^v-U >^®:A;^xtaS-^^y-7'^^'r0 

[0 3 6] ^>^x^-:7T>f^i^jSi^^-y;i/^7r^-r 
0 

[0 3 7] m'^>mmm\z^\'^^m^^'^^'tm 

[0 3 8] EGRii7.U.^^n<Dyu—=f'^r— V 

[03 9] >^$^r 0 

[040] SaE^^^-^ :/^^T0 

[04 1] EGR1^7.}^ni^mMm<r>yu—^\—V 

[04 2] g^i/U >y®A:^fArmv^yy^^T0 

[043] 7Kmill^#MSv^-y;P€r^'r0 

[04 4] EGR;^X?^aigg^«^fc^^— fe*;Ux 

> V > ^ b fc^i^-e^fr U <i: ^ <7D ^ - 

O^»I^^-r0 

1 X>V> 

3 m^m.^jX)\^ 

5 EGR31SS 

6 EGR# 

7 n u^:?^ 

9 EGR;^X?&^P^® 

14 ysjyu — i.-^ 

1 5 ®mi!air>1^ 

1 7 EGR:;^A?^a]7Kia-fe>1^ 

3 2 lBl^SSc-tr>1^- 

3 4 T^"t;^MSir>•t^ 

3 9 n> hD— ;!/:x--/ h 
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